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FXECUT TV SUMMARY

This study was conducted by the Air NQuality Group at the
University of California, Davis, for the Air Resources Board,
to determine the importance of the Owens Dry'Lake on the air
gquality in the Owens Valley. The study design incorporated
valley-wide weekly monitoring of aerosols with intensive
sampling of dust storm episodes. In addition, soil samples
from the lake bed in particular and the valley in general
were collected in order to help identify the lake bed con-
tribution to the measured aerosol concentrations. A limited
number of weekly monitoring samples were collected in the Mono
Lake area and lake bed scil samples were examined in order to
determine the average aerosol concentration.

The data indicate that dust storms have a significant
effect on air guality in the valley. Moreover, the magni-
tude and extent of aerosols suspended from the Owens . Dry
Lake is substantial. Violations of sulfate standards near
tne lake bed often occur during dust storms. The potential
for sulfate‘stahdards violations at Mono Lake may be greater
than the observed violations near Owens Lake, since 'soil samples
from the Mono Lake bed contain more sulfur than do samplesg
from Owens Lake bed. Furthur study is needed in the Mono Lake
area in order to determine the seasonal ambient aerosol conc-—
entration and the importance of the exposed lake bed on aerosol

concentrations measured in the area.

111




INTRODUCTION

In recent years, the importance of the Owens lake bed on air
quality in the Owens Valley has been a subject of much concern
and debate. The extent to which the lake bed aerosols are trans-
ported, as well as whether or not toxic substances are present in
the lake bed scils, has been questioned by residents and regula-
tory agencies. Although air quality in the basin is generally
quite good, at some times during the year, particulate aerosol
concentrations are quite high. In particular, dust storms can
occur during windy periods, which cause poor visibility and may
lead to health problems.

. The topography of the valley compounds the air pocllution
problem created by dust storms. The valley is 120 miles long,
but only seventeen miles wide at its widest point. The Sierra
Nevadas to the West and the Inyeo White Mountains to the east have
peaks over 12,000 feet high. Therefore, materials lifted from
the valley floor tend to be confined within the two mountain
ranges. For this reason, people residing in the valley are ad-
versely affected by the aerosol concentrations generated within
the valley.

In order to obtain guantitative data on air guality in the
Owens Valley, a study sponsored by the California Air Resources
Board was conducted by the Air Quality Group at UCD. The primarv
objective was to determine the impact of the dry lake bed on the
average particulate concentration and on the dust storm particu-
late concentrations in the valley. 1In order to accomplish this;
it was necessary to determine the elemental composition of the
dry lake bed and to determine the average weekly and dust storm
concentration of aerosols. '

The objectives were met by a study plaﬁ designed to acquire

data for seventeen weeks at seven sites throughout the valley.

This included both weekly monitoring and daily intensive sampling




of particulate aerosols. The samples were weighed and then ana-
lyzed for elemental composition on the UC Davis cyclotron.

It should be noted that the sampler used in the study, (a
stacked filter unit), collected only particles less than 15um
aerodynamic diameter i.e. particles of respirable size. State
standards for TSP are based on Hi Volume samplers which have no
inlet cutoff. Hence, particles as large as 100 microns can be
captured by these instruments. Therefore, measurements made in
tiis study may not indicate whether particulate standards have
been violated, since a significant portion of the total suspended

particulate mass is not measured by the stacked filter unit (SFU).

PARTICULATE SAMPLER DESCRIPTION

The stacked filter unit (SFU) is a two-stage sampler in
which size segregation is provided by the collection efficiency
of 8um pore size Nuclepore membrane. The first filter (coarse
stage) collects particles between about 3um and 15um. The second
filter (fine stage) collects the particles which pass through the
first filter, that is, particles below about 3um. The particle
collection properties of the SFU are similar to those of the hu-
man respiratory tracts, as shown in Figure 1. The figure includes
the collection efficiency vs. particle size of the two stages for
a typical set of filters, along with the curve of the upper re-
spiratory tract. Also shown for comparison, is the distribution
of.particles in a typical urban environment. The coarse stage of
the SFU thus primarily collects particles from the coarse, or
largely natural atmospheric mode which would be captured in the
upper respiratory tract. The fine stage of the SFU primarily col-
lects particles from the fine, or anthropogenic, mode which would
be captured in the lungs and bronchial tubes.

The 5FU illustrated in Figure 2 is assembled from the follow-

ing components:
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Figure 2. Stacked Filter Unit
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1. Intake

2. Fillter Holder

3. Flow Adjustment

4, Punp

5. Flow lleasuring
Device

6. GSuppert Stand

A stack and cap designed to
permit ambient particles <15um
to be pulled through the fil~
ters. A wire screen is provig-
ed on the cap to prevent in-
sects from entering the sam-

pling system.

A commercially available plas-
tic multiple filter holder.

A brass needle valve is used to

set the flow rate.

A diaphragm air pump is used to
provide air flow through the
filters. ITT Durair Model V-220
or Gast Model DOA-161-AA,

A calibrated orifice is placed
upstream from the filters. The-
pressure drop across the ori-
fice is measured by a magnehe-
lic gauge, and is calibrated a-
gainst flow through the filters

via a spirometer.

A tripod is used to hold the
filter holders and stack intake

at a desired height - usually

5' {1.5m.) above ground.




GRAVIMETRIC ANALYSTS OF AEROSOL GAMPLES

The totai suspended particulate mass in both of the size
ranges may be obtained by weighing each of the filters. Since
the mass collected by an SFU filter is several orders of magni-
tude less than that collected by a standard Hi--Vol sampler, a
sensitive balance which is accurate to lug is needed., If this
requirement is met, accuracy and precision comparable to that ob-
tained with a Hi-Vol is obtained, since the ratios of deposit
weight to blank weight are comparable for the two samplers, as
shown in Table 1. Hote that the deposit to blank ratio is three
times better for Nuclepore than for the other membrane filters.

In addition, the low hygroscopicity of the membrane filters
compared to wWhatman 41 or fiberglass, greatly reduces humidity
effects. Of all filters tested, the Nuclepore membranes have the
lowest hygroscopicity.

An estimate of the precision that can be obtained from SFUs
can be determined through side by side tests of multiple units.
Numerous tests have been performed for twenty-four hour duration
runs using 10 1/min. flow rates. For Nuclepore filters on both
the coarse and fine stages, the precision in the gravimetric a-
nalysis of the collected mass averages 4%, for units with coated
coarse filters, flow control on the pumps, and mass determination
by a Cahn Model 25 electrobalance. This results in a precision |
in the particulate mass value of tO.Sug/m3 for each size range
under conditions of low particulate mass in the atmosphere. These
tests include many sources of uncertainty beyond those associated
with the gravimetric analyses, including flow rate, filter area,
nandling losses, intake variations, etc.

The precision of gravimetric analysis for the stacked filter
unit was also calculated from data collected in a recent study in

Jdregon. ‘The S5FU's were operated for twenty-four hours at ten 1i-

ters per minute. During the course of the study, two scales were

used to determine gravimetric mass; a standard Mettler mechanical




= TABLE 1. COMPARISON OF GRAVIMETRIC ANALYSES

I-VOL SFU SFU
Fiberglass Coarse or Fine stage
or fine stage . GA-~1 or
W4l Nuclepore Fluoropore
- ) 2 2 2
Areal Denstity 8 mg/cm 1 mg/cm 3 mg/cm
2 2 2
Filter Area 500 cm 17 cm 17 cm
Filter Mass 4000 mg 17 mg 51 mg
Flow Rate 1400 1/m 10 1/m 10 1/m
3 3 3
Volume of Aiwr ©2000 m 14 m 14 m
(24 hrs.)
- (1) -
Mass of Deposit =~ 200 mg 0.48 mg 0.48 mg
Ratio of Deposit
to Blank Filter 5% 3% 1%
- (1) Assumes a total particulate density of lOOug/cm3 of which 1/3 is

larger than 15um, 1/3 between 3 and 15um, and 1/3 is smaller than 3um.




balance, reccntly serviced, and a Cahn electrobalance. Prior to
weighing the filters, the electrostatic charge was removed. Fil-
ters were weighed, placed in petri dishes, and retained for twen-
ty—-four hours. Filters were then reweighed. A precision of
t0.9ug/m: was recorded by the mechanical balance for bothgstages,
while the electrobalance achiev§d a precision of 7Z0.3ug/m for the
- coarse stage filter and 0.lug/m for fine stage filters (Nuclepore
0.4u).

X-RAY ELEMENTAL ANALYSIS OF AERGSOL SAMPLES

Samples collected by the stacked filter units are well
suited for elemental analysis using X-rays, excited by X-~ray
sources (X-ray fluorescence, or XRF), or by ion beams {(particle
induced X-ray emission, or PIXE). Numerous SFU samples have been
analyzed using the PIXE system at UG.C. Davis. Table 2 lists
the minimum sensitivity in micrograms/cmzfor the major elements
collected by SFU samplers on a variety of filter substrates. The
average minimum sensitivity for Nuclepore is 1/2 that of Fluoro-
pore, 1/3 that of GA-1, and 1/7 that of W-41l. Similar ratios
would be generated by other X-ray based analytical systems in
which the filter substrate must be analyzed together with the de-
posit. The guoted sensitivity for the U.C. Davis system is for
120 second irradiation, the standard time used for low sSensitivi-
ty (and low cost) analyses of multiple elements on air filters by
PIXE. Higher sensitivities can be gained for well loaded filters
by longer PIXE irradiations or use of XRF, although the former
increases cost, and the latter deletes the light elements Na
through Cl1.

Elemental values from X-ray analyses must be corrected for
the absorption of X-rays between the point of emission, and when
they leave the sample. Three types of effects may be present

with SFU filters: (1) particle size effects, produced by the

absorption of X-rays before they leave the particle; (2) loading




TABLE 2. MINIMUM SENSITIVI%IES FOR VARTOUS SUBSTRATES FOR TYFICAL
TWO-MINUTE ANALYSIS RUN. CONCENTRATIONS IN MICROGRAMS/CM2

Muclepore Fluoropore GA-1 W=l
(J.ug/cmz) (3 ug/cmz) (Bug/cm?) (811g/01n2)
Al .14 .20 .30 53
. 31 .13 .20 .24 .53
S .10 .18 27 .02
- Cl 093 .18 2?8 55
K .06 | .13 .18 L2
Ca oy .09 13 31
Ti, v .03 .09 .12 .29
R Cr .03 | .08 L1l .25
Mn .03 .07 .10 .23
h Fe 03 .07 10 22
Ni 02 .06 .08 .17
Cu .02 .05 07 SNEH
7n 02 .06 .09 16
tia .0k .10 .13 .37
- 'L ..08 .20 .25 .70
" OPIXL system, U.C.Davis
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effects which involve absorption of X-rays by the deposit which
lies on top of the particle containing the emitting atom; and (3)
penetration effects for cellulose (GA-1 and Millipore AA) and
teflon (Fluoropore and Mitex) filters, which occur when particles
penetrate the filter, so that the filter medium absorbs X-rays.
The SFU coarse stage corrections include only particle size ef-
fects for an 8uym filter operating between two and twenty liters
per minute. Nuclepore size corrections include particle size ef-
fects only, while for the other substrates, penetration effects
must also be made. For the fine stage, loading corrections
should also be included (the total correction is a product of in-
dividual corrections). It must be stated that the corrections
currently used were only after making many assumptions regarding
the chemical and size characteristics of the deposit, and thus
represent.approximations valid only for typical ambient aerosols.
They may be seriously in error in source—enriched locations that

have abnormal particles in large numbers.

DESCRIPTTON OF X-RAY ANALYSIS SYSTEM

A diagram of the Analysis system is shown in Figure 3. An
18 MeV alpha beam from the cyclotron passes through the sanple
and is collected by the Faraday cup, which measures the total
charge ( that passes through the sample. The number and energy
of tane X-~rays producéd in the sampie are measured by a 8i (Li)
detector and associated pulsed optical feedback circuitry. Ma-

jor effort was expended in the design of the electronics to meas-

~ure this number accurately, including proper dead time correc-

tions.

The number of characteristic X-rays, Nz' produced by a tran-
sition of element z, depends on the areal density (pt)Z of the
element in the sample according to

NZ = AZ (pt)z 0

10
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where Az is a constant determined by gravimetric standards. A
best value for each transition was obtained by fitting the values
measured for thirty standards to a polynomial expansion. The es-
timated uncertainty in the absolute value of any elemental con-

- centration is ten percent.

Verification of the accuracy of the system has been made by
(1) formal and informal interlaboratory comparison, (2) selected
reanalysis of samples using PIXE after approximately one year.

In all cases, the errors are routinely less than ten percent.

Tests have determined that there is very little loss of ma-
terial from exposure to vacuum, beam irradiation, or long term
storage. The only detectable loss was a 25% decrease in halogens
when the sample was irradiated for sixty-four times the normal
charge.

All elemental concentrations are corrected for matrix ef-
fects due to the absorption of the X-rays as they pass through
the sample. . A small correction is made for the absorption from
particles lying on top of the particle containing the atom which
produced the X-ray. Corrections exceed five percent only for So-
dium and Aluminum. A second correction is made for absorption by
the material in the particle containing the atom; this is largest
for large particles and low z elements. For the first stages of
the Multiday and of the stacked filter unit, the correction for

sulfur is approximately thirty percent.

SITE DESCRIPTION

The sampling sites were chosen in order to investigate the
spatial distribution of particulate pollutants in the valley. As
an additional consideration, sites were selected to coincide with
the major population centers in the valley in order to determine
the concentration of respirable aerosols to which valley resi-
dents are exposed on a daily basis. Seven of the sampling sites

were in the Owens Valley itself, and one site was in the Mono

12




Lake area. BSite 1 was located near the Bishop Airport at the Na-
tional Weather Service Meteorological station. This site is a-
bout five miles east of downtown Bishop in the center of the val-
ley. BSite 2 was located in Big Pine near the western edge of the
valley. The Independence courthouse was the location of Site 3.
This site was in the center of Independence near Highway 395.
Site 4 was located at the Lone Pine High School on the southeast
side of town. This site is about ten miles north of Owens Dry
Lake. The Keeler Post Office was chosen for Site 5. This site
was on the eastern edge of Owens Dry Lake. Site 6 was located at
Cartago on the western side of Owens Dry Lake. Site 7 was lo-
cated approximately twenty-five miles south of Owens Dry Lake at
Little Lake. Figure 4 is a map of the study area depicting the
seven sampling sites in the valley. Site 8 was located at Lee
Vining in the lMono Lake area on the northwestern edge of Mono
Lake.

All eight sampling sites were operated by local residents.
Pre--weighed filters were placed in filter holders at U.C. Davis
and mailed via U.P.5. to each site. The local operator would
measure the flow before and after the filters were used with a
spirometer calibrated orifice meter, and then return this infor-
mation with the exposed filters. Upon arrival at U.C.D., filters
were post-weighed and prepared for X-ray analysis.

Weekly monitoring of particulate aerosols began on February
20, 1979, and ended on June 18, 1979. A total of seventeen weeks
of monitoring were conducted during this period. Samplers were
run for seven consecutive days each week at a flow rate of ten
liters per minute, except during dust storm episodes. During
dust storms, samples were collected daily at a flow rate of ten
liters per minute. Samples during dust storms were collected on
April 6,7,16,17,23,24, 1979,

In addition, data on wind flow collected at Bishop was ex-
amined. This station measured wind speed and direction between
7 AM and 7 PM. However, these data may not be representative of
the flow regime at the Lake since they do not include a complete

24~-hour record and are a significant distance from the dry lake.

These data are included in the appendix for reference.
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7. BELULTS AN DISCUSS 0N

At the beginning of the Owens Valley study, we identified

four major goals including:

1. Determine the average weekly aerosol concentration
in the valley.
2. Determine the effect of dust storm episodes on the
- : average aerosol concentration in the valley.
3. Determine the magnitude and spatial extent of aero-
sols suspended from the dry lake bed.
4. Determine whether hazardous aeroscls are suspended

from the lake bed during dust storms.

We believe these goals were met by the sampling program con-
ducted in this study. The following sections address each of the
goals identified above. The complete data set for this study is

included in the appendix.

7.1. AVERAGE WEEKLY CONCENTRATION OF AEROSOLS

The weekly monitoring data collected in this study provided
an excellent means by which the profile of pollutants in the val-
ley could be determined. Figure 5 is a profile of the average
total and fine gravimefric mass measured at each site in the ba-

. sin. A map of the study area is included at the hottom of the
figure to provide a better understanding of the relationship be-
tween topography and the measured pollutant concentrations. The
dominant characteristic of this profile is the marked peak in to-
tal mass at the Keeler sampling site. This peak, coupled with
the decreasing total mass values measured farther north from the
dry lake bed, suggests that the dry lake bed is a significant
source of coarse aerosols. The fine aerosol mass does not follow

. tne same pattern as the total mass, suggesting that the lake bed

15
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may not be a significant source of fine acrosols. A similar pro-
. file depicting selected trace elements is shown in Figure 6.
Silicon and iron are usually soil-derived suspended particulate
aerosols, while sulfur is generally produced by gas to particle
conversion of sulfur dioxide to sulfate aerosols or by direct
production of sulfates through the burning of fossil fuels. The
source of iron and silicon in the Owens Valley appears to be lo-.
cal so0il material with some enhancement due to the dry lake bed.
There is no anthropogenic source of coarse sulfur aerosols near
the dry lake, suggesting that these particulate aerosols are be-—

’ ing suspended from the dry lake bed.

7.2. KEFFECT QF DUST STORM EPISODES ON THE AVERAGE WEEKLY AEROSOL
CONCENTRATIONS

- The total and fine gravimetric mass, averaged over all sites
for each week, 1is depicted in Figure 7. The mean weekly values
do not include the three dust storm episodes sampled separately,
but do include several additional dust storms. Table 3 lists
all the dust storms reported by the sampler operators.

The Fine Gravimetric Mass is virtually unchanged over the
monitoring period. The Total Gravimetric Mass (TGM) measurements,
unowever, illustrate several important points. First, a general
upward trend from winter to summer is observed. This trend has
- been observed in data from other sites in Utah and can be attri-

A buted to higher levels of soil aerosols suspended in the atmos-

« phere as the soil surface dries out. Superimposed on the general
trend, however, are peaks of TGM which are a factor of 1.3 to 2.3
times the non-peak levels. Lach of the peaks corresponds to a
dust storm or high winds period as shown in Table 3. Further-
more, the dust storm episodes which were sampled separately in
the first, third, and fourth weeks of April, would raise the TGCM

- in those periods by a factor of 1.7. It should be noted that the

third week of April already includes one dust storm period which

17
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FIGURE 7

Mean weekly total and fine gravimetric mass
for ali sites,.
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TABLE 3. WEATHER OBSERVATIONS FROM OPERATORS

DATE MONITORING PERIOD OBSERVATIONS NOTED
AFFECTED (Month,Week) BY SAMPLER QPERATOR

) 2/26-2/21 February, 1 Rain, snow at Big Pine
. 3/01-3/02 March, 1 Dust, lNorth wind

3/15 March, 3 Dust South wind

3/18, 3/19 March, 3 Heavy rain

4/07-4/08 _ * Dust storm

4/16 | April, 2 High wind at Lone Pine
) 4/17-4/18 * Dust storm
. 4/21--4/22 April, 3 Big dust storm

4/24 * Dust storm

5/05 May, 1 Dust, high winds

5/26 May, 4 Must at Lone Pine

6/15-6/18 June, 3 High winds at Big Pine

*These dust storm aerosol measurements are not included in the

weekly average concentration in Figure 7.

20




was not sampled separately. Finally, although it is difficult to
* draw inferences from these data about the persistence of suspend-
ed dust after the storm, the frequency of occurrence of elevated
TGM levels is well documehted. During the seventeen week moni-
toring period, nine weeks exhibit elevated TGM levels i1f the sep-
arate dust stormm samples are included in the weekly average val-
ues. Hence, these data indicate that dust storm episodes have a
significant impact on the average aerosol concentration in the

UOwens Valley.

7.3. MAGNITUDE AND SPATIAL EXTENT OF LAKE BED AERCSOLS

The magnitude and spatial extent of the contribution of lake
ved aerosols to the measured atmospheric aerosol concentration in

the valley can be identified using data from the intensive dust

- storm sampling program, the weekly monitoring study, and the lake
bed soil sample analysis. Gravimetric mass and four elements,
. sulfur, chlorine, silicon, and iron, were selected for analysis.

Based upon data obtained by resuspending lake bed and sampling
site soil samples, two elements (sulfur and chlorine) were iden-
tified as being primarily generated in the valley from resuspend-
ed lake bed materials. The coarse aerosol fraction (15um to
2.5um) of these elements is a good tracer of lake bed materials
for three reasons. First, since these elements were only found

> in lake bed soil samples, no other "natural" source of these aer-

" osols is likely to exist in the valley. Second, since the only

- anthr0pogénic source of sulfur aerosols in the valley (automotive
exhaust) would produce fine particle sulfur, (<2.5um}, and since
there is no anthropogenic source of chlorine in the valley, man-
made emissions of coarse particle sulfur or chlorine is negligi-
ble. Finally, since long-range transport of coarse particles is
unlikely due to the short residence time of these large particles

- in the atmosphere, long-range transport from outside the basin is
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not an important source of coarse particle sulfur or chlorine.

S5ilicon and iron are generally considered to be tracers of
resuspended soils. For this reason, they were included in the a-
nalysis to determine the importance of local soils on the meas-
ured aerosol concentration.

Figures 5 and 8 indicate the spatial profile of total and
fine aerosol mass for the weekly monitoring and the dust storm
episode studies, respectively. The total mass concentration
peaks at Keeler and declines sharply north of the lake bed.

These figures indicate that lake bed aerosols are transported in
significant concentrations to Independence. A similar trend is
shown in Figure 9 for total sulfur and coarse silicon

and iron concentrations during a dust storm. eekly monitoring
profiles of total silicon and iron concentrations do not exhibit
the same strong peak at Keeler, indicating that significant
sources of these elements are present at sites downwind from the
lake bed (see Figure 6). These data also indicate that coarse
sulfur is a good tracer of the aerosols suspended from the lake
bed. Fine sulfur aerosols do not follow the same trend as coarse
aerosols and are probabkly due to gas-to-particle conversion proc-
esses in the valley and long range aerosol transport into the
valley. The weekly monitoring profile of fine aerosol mass also
indicates that fine particles are not generally produced by sus-
pension of lake bed aerosols. The dust storm profiles, however,
do indicate that an increase in fine aerosol mass occurs near the
lake bed, suggesting that during storms, the dry lake is a sig-
nificant contributor to the fine atmospheric aerosol concentra-
tions. This may be due to the high winds which occur during dust
storms. During these high wind periods, saltation and creep of
intermediate particles may be increased significantly. This ac-
tion would aid in the suspension of fine particles from the sur-—

face of the dry lake. Ience, increased fine particle concentra-—

tions near the lake bed would be measured.
As an indication of the effect of dust storm episocdes on the
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aerosol concentration in the valley, the per cent increase in the
weekly total mass, coarse sulfur, chlorine, silicon, and iron
concentration during a dust storm was computed. In addition, the
absolute increase in these quantities was also computed. The re-
sults of this analysis are shown in Table 4. These data also
indicate that a significant increase in aerosol concentration due
to suspended lake bed materials occurs as far down wind as Inde-
pendence. In order to quantify this effect, the sulfur to iron
(5/Fe) and chlorine to iron (CL/Fe) ratio at each site was exam-
ined. At Keeler, all the coarse sulfur and iron measured at the
sampling site are suspended from the lake bed. At any site down
wind from Keeler, all the coarse sulfur and chlorine is from the
lake, but the measured coarse iron and other soil-derived materi-
als are only partly due to lake bed suspended materials. Hence,
if we knew the ratio of the coarse iron from the lake to the to-
tal iron measured at the site, then we could determine the per
cent of the measured aerosol contribution from the lake bed. The
following relationship allows us to calculate the lake bed iron

(Fe,) to total iron measured at a site (Fen) .

FeL FeL/SL Fe Fe Fe

= hut ——— —  wWhere is
Fe,, FeT/oL S, S

the ratio of iron to sulfur at Keeler. Furthermore, if all the

—n at the

sulfur at the site is from the lake bed, then SL = 5
site and: '

£ /
Fe, FEK/gK ST’FeT

= = — The same argument can -
FeT FeT/ST SK/FeK

be made for the chlorine to iron ratio. Hence, by calculating

the S/Fe and Cl/Fe ratio at each site and normalizing it to the
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S/Fe and Cl/Fe ratio at Keeler, it is possible to determine the
per cent contribution of elemental lake bed materials to the
measured aerosol concentration at the site under study. Further-
more, since the rato of iron to total gravimetric mass (Fe/Mass)
1s nearly constant across all seven study sites, it is possible
to use the normalized S/Fe ratios as a measure of the total mass
contributed by the lake bed at each site. Table 5 includes the
3/Fe and Cl/Fe ratios normalized to Keeler. Also included is the
Fe/Mass ratio. The two normalized ratios (S/Fe and Cl/Fe) pro-
vide a range of values over which the per cent of aerosols pro-
duced from the dry lake bed at each site can be determined. Ta-
ble 6 includes the range of contributions from the dry lake bed
to the total suspended particulate (TSP} load at each site. The
average weekly aerosol TSP value and the normalized S/Fe and
Cl/Fe ratio was used to calculate the values in Table 6. These
data also indicate that a significant increase in aeroscl mass
due to materials contributed by the dry lake occurs as far north

as Independence.

7.4. HAZARDOUS MATERIALLS

A detailed analysis of two possible hazardous materials,
sulfur and lead, was made in this study. Figure 6 shows the av-
erage weekly spatial profile of sulfur, and Figure 8 includes the
sulfur profile during a dust storm. Both ¢f these figures indi-
cate that a significant enhancement of the coarse {(15um-2.5um)
sulfur mode occurs near the lake bed. The chemical states of the
airborne sulfur can be inferred from information on the geochem-
istry of the alkaline lake bed. The exposed lake bed consists of
a saline crust overlying alkaline muds. A powdery deposit often
forms on the top of the saline crust when moisture is near the
surface through the mechanism of capillary efflorescence. These
efflorescent crusts have a composition quite different from the
underlying saline crust and mud. " They are rich in thenardite

(Na2504), burkeite (Na6(804)2CO3), trona (Na3H(CO3)2 . 2H20),

27







(5/Fe) site

(S/Fe) Keeler

{(Cl/Fe) site

{Cl/Fe)
S/Fe
Cl/Fe

Fe/Mass

TABLE 5.

SULFUR AND CHLORINE TO IRON RATIOS

KEELER

BISHOP | BIG INDEPENDENCE | LONE CARTAGO | LITTLE
PINE PINE LAKE
.16 .18 .53 .50 1.00 .14 .21
.14 .13 .33 -39 1.00 .26 .50
.23 .28 .66 .42 1.16 .19 .37
.11 .14 .39 .33 1.19 .18 .35
.031 .031 .026 .026 .016 .024 .027
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. TABLE 8. MASS CONTRIBUTION OF THE DRY LAKE BED T0O THE
- - AVERAGE WEEKLY T.S5.P. VALUE AT EACH SITE
(Particles Less Than 15um)

SITE RANGE (ug/m>)
" Big Pine o 3.8 - 4.4
Bishop 3.7 - 5.1
Independence 11.1 - 17.8
Lone Pine 14.9 - 19.1
Keeler - -
Cartago 4.8 - 8.9
Little Lake 5.8 - 13.9
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pirssonite (NaZCa(CO3)2 . 2H20), thermonatrite (Na2C03

and sylvite (KCl). The proportion of sulfur in these minerals is

. H,0),

much higher than in the other components of the lake bed, and the
chemical form of the sulfur is sulfate. The data on ambient aer-
osols indicate that these efflorescent crusts are important in
the generation of airborne particles. The sodium to sulfur (Na/S)
ratio in bulk samples (mud and saline crust and efflorescent
crust) of the Owens lake bed, resuspended by air streams in the
laboratory, is approximately 33, while the Na/S ratio in ambient
aerosols measured at Keeler is 4#1. If the efflorescent crusts
at Owens Lake consist of the minerals identified above in egual
proportions, the calculated Na/S ratio is approximately 3, a ratio
which is similar to the ambient aerosol measurements, but more
sulfur rich than the bulk lake bed resuspended samples. A com-

parison of other elemental ratios is given below:

RATIOS OWENS LAKE KEELER DUST PRESUMED EFFLO-
(Bulk Sample) RESCENT CRUST

Na/S 33+ 1 4 £ 1 3

Na/C1l 10 15 11

Na/K* 20 40 10

Na/Ca 3 _ 17 10

* corrected for soils

This table indicates a close correspondence between the efflores-
~cent crust composition and airborne dust at Keeler. The above da-
ta suggests that airborne sulfur aerosols measured in the Owens
Valley are in the form of sulfates which are suspended from the
effloréscent crust on the Owens Lake bed. Therefore, if we as-—
sume that all the sulfur measured at each site is in the form of
sulfate, then during a dust storm, the sulfate standard for the
state of California (25ug/m3) is violated near the Owens Lake.

The calculated sulfate levels at each site during a dust storm are

listed in Table 7.
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TABLE 7. TOTAL SULFPATE CONCENTRATIONS DURING A DUST STORM

Micrograms Per Cubic Meter

Big Pine ‘ 1.3
, Bishop 1.0
Independence : .4.7
F Lone Pine 10.7
Keeler 51.3
Cartago 2.10
Little Lake 0.8
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The weekly average and dust storm profile of lead is shown in
Figure 10. Although most lead in the valley is in the fine
mode (<2.5um), some coarse lead is present at a few sites in the
valley. The relatively flat lead profile suggests that this ma-
terial is produced from automobiles driven in the basin. The in-
creased total lead concentration near Keeler during a dust storm
suggests that the dry lake bed may be a source of these aerosols.
However, the magnitude and spatial extent of the total lead in-
crease during a storm are very small and suggest that lead aero-

sol suspensibn from the dry lake bed is not a significant problem.

. 7.9. MONO LAKE MONITORING

During the last seven weeks of the Owens Valley study, (A-
pril 19 to June 11, 1979), weekly aerosol monitoring was con-
ducted at one site in the Mono Lake area near Lee Vining. Al-
though more study is needed in this area, some preliminary re-

. marks regarding this data can be made. Table 8 includes the
coarse, fine, and total suspended particulate (TSP) concentra—

. tions measured during this study period. The most obvious trend
shown by these data is the increase in TSP from the beginning of
the study period to the end. This is probably due to decreased
precipitation and the subsequent drying of the soil near the sam-
pling site. We believe that if monitoring had continued, even
higher TSP concentrations would have been observed during the

summer.

’ The measured sulfur levels during this study period were ap-
proximately .3ug/m3 or about .9ug/m3 of sulfate. 8So0il samples

il collected in the Mono Lake area indicated a sulfur to iron ratio

of 1.5-2.0. At Owens Lake, the sulfur to iron ratio is about
0.24. This suggests that Mono Lake has a greater potential than
the Owens Lake for a sulfur aeroscol problem if the Mono Lake bed

is allowed to dry out. This hypothesis is supported by studies

of alkaline lake bed chemistry which indicate that sulfates are
found in efflorescent crusts in lakes in Inyo County (e.g. Deep
Springs Lake), and hence, can be easily suspended in the atmosphere.
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In fact, B.F. Jones of the U.S. Geological Survey asserts that at
Deep Springs Lake: " Although the wind frequently stirs up clouds
of salt laden dust from efflorescent crusts on the west side of
the playa, the well indurated crusts of the Central Lake area do
not contribute much to aeolian transport," (B.F. Jones, personal
communication, 1980). Jones also indicated that Deep Springs Lake
is the best chemical analog to Mono Lake.

Further study during the summer months is needed to deter-

mine if these preliminary data are representative of the typical

condition in the area.
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TABLE 8. MONO LAKE AREA SAMPLES

Micrograms Per Cubic Meter

- STAGE. 1 STACE 2 TOTAL
5/19 - u/23 13.7 8.4 22.1
4/23 - 4/30 2.7 3.4 5.6
4/30 ~ §/7 13.0 8.5 21.5

) 5/7 - 5/14 10.8 5.0 15.8

- 5/14 - 5/21 11.5 5.6 17.1
5/21 - 5/28 5.1 5.0 21.1
5/28 - /U 3.y .0 © 38.4
6/4 - 6/11 | 6.8 4.y 51.2
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8. CONCLUSIONS

The data collected in the Owens Valley during this study
suggest the following conclusions. First, dust storms occur fre-
quently, and their effect on air quality in the valley is signif-
icant. This was shown by the elevated TSP values measured during
the study and the frequent reports by station operators of blow-
ing dust. The dry lake bed was found to be an important contrib-
utor to the TSP concentrations measured down wind. The contribu-
tion of lake bed aerosols to the TSP concentration at sites as
far down wind as Independence was significant. Furthermore, aer-
0sols suspended from the lake bed included significant concentra-
tions of sulfur. Violations of sulfate standards near the lake
bed often occur during dust storms. Preliminary data colledted
in the Mono Lake area indicate that the dry lake bed areas near
Lee Vining may contribute substantial aerosol mass to the meas-—
ured TSP levels. Furthermore, the potential for sulfate stand-
ards violations due to lake bed suspended aerosols at Mono Lake
may be greater than the observed violations in the Owens Valley,
since the sulfur to iron ratio is an order of magnitude greater
for Mono Lake bed soil samples than for Owens Lake bed soils.

Further study is needed in the Mono Lake area in order to deter-

mine the magnitude and extent of the aerosols suspended from the
lake bed.
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OWENS VALLEY STUDY
VEEKLY MONITORING DATA
- February 20, 1973 - June 18, 1979
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| OWENS VALLEY STUDY
DAILY DUST STORM DATA
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OWENS VALLEY STUDY
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OWENS VALLEY STUDY
MONC LAKE MONITORING
April 19, 1879 - June 11, 1979




U.C.D. - ARB INVESTIGATION OF AIR QUALITY IN THE OWENS VALIEY
WEEKLY MONITORING STUDY
Gravimetric Mass - Micrograms Per Cubic Meter
Mono Lake Area Samples

STAGE 1 STAGE 2 TOTAL

4/19 - 4/23 13.7 8.4 22.1

4/23 - 14/30 2.2 | 3.4 5.6

) 4/30 - 5/7 13.0 8.5 21.5
- 5/7 - 5/14 10.8 5.0 15.8
5/1% - 5/21 - 11.5 5.6 17.1

5/21 - 5/28 15.1 6.0 21.1

5/28 - /1 34,1 4.0 38.4

6/4 - /11 u6.8 by ' 51.2
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OWENS VALLEY STUDY
WIND DATA




WIND ROSE DIAGRAMS
SURFACE WINDS AT BISHOP AIRPORT
Monitoring Pericd

February 20 - June 18

]

) DUST STORM PERIODS
April 5,6,7,15,16,17,22,23




OBSERVATIONS AT 3-HOUR INTERVALS February 1979
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